We show that in the absence of 2B4 signaling, activated NK cells have defective cytotoxicity and proliferation because of fratricide, and not due the absence of a 2B4-dependent activation signal.
Introduction
2B4 is expressed by all NK cells, as well as a subset of memory CD8+ αβ T cells, γδ T cells, basophils and monocytes 1 . The ligand to 2B4, CD48, is a GPI-linked molecule expressed on all nucleated hematopoetic cells, including NK cells themselves 2 . Murine 2B4 has been reported to have activating and inhibitory activities on NK cells [3] [4] [5] [6] [7] [8] . These studies raise questions of how triggering the same 2B4 receptor on NK cells can lead to variable functional outcomes. Here we show that 2B4 can inhibit NK-NK fratricide, and that fratricide can explain some of the apparent dual functions of 2B4 on murine NK cells.
only.
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Materials and methods

Mice
Wild type C57BL/6 (B6), Rag KO, β 2M KO and Perforin KO mice were purchased from Jackson Laboratories. 2B4 KO mice were generated in B6-derived ES cells as previously described 8 . CD48 -/-were generously provided by Dr. Arlene Sharpe (Harvard University, Boston, MA) 9 . The mice were maintained at the University of Chicago in a pathogen-free animal housing facility. The mouse protocols have been reviewed and approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Chicago. All knockout mice are derived or crossed onto the B6 background and were used at 5-10 weeks of age for experiments.
NK LAK preparation
NK LAK were prepared as described previously 10 .
Antibodies and FACS analysis
Anti-2B4, anti-CD48, and anti-CD16/32 blocking antibodies were produced by 2B4, HM48-1, and 2.4G2 hybridoma cell lines, respectively. Fluorescently labeled mAbs purchased from BD biosciences are the following: anti-2B4 (2B4), anti-CD48 (HM48-1),
anti-CD3 (145-2C11), and anti-DX5 (DX5). Fluorescently labeled anti-NK1.1 (PK136) mAb was purchased from eBioscience. Apoptosis was detected using BD Pharmingen™
Annexin V-FITC Apoptosis Kit I. 
Proliferation assay
NK LAK proliferation was measured by 3 H-thymidine incorporation as described previously 10 .
N-α-benzyloxycarbonyl-L-lysine thiobenzyl ester (BLT) assay
Plates were coated overnight with 15µg/mL αNK1.1 mAb. Coated plates were used to stimulate 3 x 10^5 LAK cells per well in the presence of 10µg/mL 2.4G2 mAb +/-10µg/mL α CD48 mAb or α2B4 mAb. After 6 hours of incubation at 37˚, 50µl supernatant was analyzed from triplicate samples for BLT esterase activity as previously described by Cho, D.H. et al.
11
. % specific esterase release= (experimental esterase release-spontaneous release)/ (maximum release with triton x -spontaneous release). 
Results and discussion
2B4 inhibits NK cytotoxicity against CD48-expressing tumor cells and T cell blasts 8, 12, 13 . Since all nucleated hematopoetic cells express CD48, we hypothesized that 2B4 can also inhibit NK mediated lysis of other non-transformed leukocyte subsets, including NK cells themselves. To determine if 2B4 inhibits NK-NK fratricide, killing assays were performed using lymphokine activated NK cells (LAK) as both targets and effectors. WT We and others have previously published that 2B4-CD48 interactions among NK cells are required for optimal NK functions 5, 10 . There are two distinct mechanisms that can explain these results: 1) 2B4-CD48 signaling may activate optimal NK functions, or 2)
For mouse models indicate that 2B4-CD48 interactions augment NK cell functions [5] [6] [7] 10 , while other studies indicate that 2B4 inhibit functions 3, 4, 8, 12 . The data here shows that 2B4 can inhibit NK cell fratricide among activated NK cells, and that fratricide provides an explanation for some of these conflicting findings. We demonstrate that in the absence of 2B4, activated NK cells have defective proliferation and cytotoxicity due to fratricide, and not the absence of an activation signal. In addition to blocking fratricide, 2B4-CD48
interactions among NK cells can also inhibit IFN-γ production (supplementary Figure 2) .
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Together these data suggests that there are activation signals between NK cells that can stimulate cytotoxicity and cytokine production, which can be inhibited by 2B4. Since 2B4 inhibition of fratricide is only apparent on NK cells activated with IL-2 in vitro, or CpG in vivo, another possibility is that activated NK cells constitutively degranulate, and adhesion among NK is sufficient to induce granule polarization 18 leading to fratricide. In any case, the specific receptor and/or adhesion molecule interactions that 2B4 inhibits among NK cells are unknown and warrant more studies.
In addition to providing an explanation to some of the conflicting findings in studies of 2B4, this work provides evidence for a non-MHC-related mechanism of self tolerance required for activated NK cells. Since CD48 is expressed on all nucleated hematopoetic cells, we hypothesize that 2B4-mediated inhibition may play an important role in activated NK cell tolerance of other leukocyte subsets as well.
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